Introduction
Despite modern reperfusion strategies and evidence-based pharmacotherapy, acute myocardial infarction (AMI) causes pathological left ventricular remodelling (LVR), development of heart failure (HF) and therefore leads to adverse cardiovascular (CV) outcomes [1] [2] [3] [4] . AMI represents the major cause of HF [1, [5] [6] [7] . According to a Polish nationwide database of acute coronary syndromes (AMI-PL database), HF is one of the most frequent causes of recurrent hospitalization in patients after AMI in one-year follow-up [8] , indicating a need for an intensification of secondary prevention programmes (including cardiac rehabilitation, smoking cessation and improvement of risk stratification) [3, 4, 9] . Therefore, it is important to explore new sensitive and specific biomarkers that could help identify patients at risk of developing HF and adverse CV outcomes after AMI.
Galectin-3 (Gal-3) and soluble interleukin-1 receptor-like 1 (sST2) are promising biomarkers involved in LVR, resulting from inflammatory processes and fibrosis [10] [11] [12] [13] [14] .
There is evidence for a high prognostic value of both biomarkers in predicting outcomes in patients with chronic and acute HF [15] . Biomarkers of myocardial fibrosis (including sST2 and Gal-3) were recommended as useful tools for additional risk stratification in the American guidelines for the management of HF [16] .
However, studies evaluating the role of Gal-3 and sST2 and their relationship with adverse outcomes in patients after AMI are insufficient. Therefore, we aimed to evaluate the association of Gal-3 and sST2 in patients with first-time ST-segment elevation myocardial infarction (STEMI) treated with primary percutaneous coronary intervention (PCI) with inhospital and one-year CV outcomes.
Patients and Methods

Study population
The analysis was based on data collected in a prospective observational BIOSTRAT (Biomarkers for Risk Stratification After STEMI; NCT03735719) study. The BIOSTRAT study included 117 consecutive Caucasian subjects with first-time STEMI treated with primary PCI in the 1st Chair and Department of Cardiology, Medical University of Warsaw from October 2014 to April 2017. STEMI was diagnosed in accordance with the applicable guidelines [17] . Main inclusion criteria were age ≥18 years and first-time STEMI treated with primary PCI. Main exclusion criteria were previous AMI, pre-existing HF (history of LV ejection fraction (LVEF) <50% or diagnosed HF with preserved LVEF), severe renal dysfunction (plasma creatinine level >220 mmol/L (≈2.5 mg/dL), and/or creatinine clearance <30 mL/min), severe liver disease, chronic inflammatory disease, current neoplastic disease, and life expectancy <1 year.
Informed written consent was obtained from each study participant. The trial protocol complied with the Declaration of Helsinki and was approved by the local ethics committee of the Medical University of Warsaw.
Baseline tests and measurements
Routine laboratory parameters, including complete blood count, glycemia, lipid profile, electrolytes, serum creatinine, and biomarkers such as cardiac troponin I (cTnI), creatine kinase myocardial band (CK-MB), high-sensitive C-reactive protein (hs-CRP) and Nterminal pro-B-type natriuretic peptide (NT-proBNP) were measured using standard methods in the hospital laboratory. N-terminal B-type natriuretic peptide (NT-proBNP) concentration was measured using the Roche Elecsys® 1010 analyzer (Roche Diagnostics, Mannheim, Germany). High-sensitivity C-reactive protein (hs-CRP) concentration was assessed using Cobas Integra 800 (Roche Diagnostics).
The highest concentrations of cTnI, NT-proBNP and hs-CRP were subsequently included in the analyses.
Electrocardiogram, transthoracic echocardiogram and clinical examination were performed in each patient during index hospitalization. Demographic data, details on previous and current pharmacotherapy, clinical and angiographic characteristics, and medical history were also prospectively gathered.
Gal-3 and sST2 measurements
Additionally, blood samples were collected from all recruited subjects for further measurements of serum concentrations of Gal-3 and sST2. To avoid the potential impact of PCI on biomarker concentration, we sampled blood after 72-96 hours after hospital admission, as per previous studies [18, 19] . Serum was prepared from blood samples by allowing the blood to clot for 60 min, followed by centrifugation at 3500 rpm for 15 min.
Serum samples were then stored at -80 °C. Measurements were performed after all patients had entered the study. Serum concentrations of Gal-3 were measured using Human Galectin-3 Quantikine ELISA Kit® (BIOKOM, Janki, Poland), and plasma sST2 -using Presage ST2 Assay (Genloxa Sp. z o. o., Puck, Poland).
Study endpoints
Patients were followed for 12 months. The primary endpoint was combined of CV death or hospitalization for HF during one-year follow-up. CV death was defined as deaths related to AMI, HF, sudden cardiac death or stroke. Hospitalization for HF was considered as hospitalization with a primary diagnosis of HF supported by evidence of clinical signs of HF (rales, peripheral edema), pulmonary congestion on a chest radiograph, or a need for the use of intravenous diuretics.
Secondary endpoints concerned in-hospital outcomes including 1) total length of index hospitalization, 2) length of stay in intensive cardiac care unit during index hospitalization, 3) in-hospital death; and events that occurred in one-year follow-up including 4) CV death, 5) hospitalization for HF, and 6) MI.
Statistical analysis
For a between-group comparison, we used a Fisher exact test and a Mann-Whitney test for categorical and continuous variables, respectively. Categorical data were presented as numbers and percentages of patients. Normally distributed continuous data were expressed as mean values with a standard deviation, while non-normally distributed continuous data were presented as median with an interquartile range. Pearson's and Spearman's correlation coefficients were used for parametric and nonparametric variables, respectively. The Cox proportional hazards regression model was performed to identify predictors of the primary endpoint. Receiver operating characteristic (ROC) curves were plotted for baseline Gal-3 and sST2 in relation to the primary endpoint. In addition, Youden's J statistic was performed to determine the optimal biomarker cut-off point for the prediction of the primary endpoint. A Pvalue of less than 0.05 was considered significant. All tests were two-tailed. SPSS software, version 22 (IBM SPSS Statistics 22, New York, United States) was used for analysis.
Results
Baseline characteristics
A total of 117 consecutive first-time STEMI patients were included to the study. The 
Correlation analysis with baseline parameters
We also performed correlation analysis of baseline Gal-3 and sST2 concentrations with clinical parameters (table 1). A significant correlation was found between Gal-3 and sST2 levels. Both, Gal-3 and sST2 correlated positively with stay in intensive cardiac care unit, NT-proBNP and hs-CRP and inversely with glomerular filtration rate. Gal-3 correlated positively with age, Killip class, as well as TIMI (The Thrombolysis in Myocardial Infarction) and GRACE (The Global Registry of Acute Coronary Events) scores. sST2 correlated negatively with sodium level on admission and inversely with baseline and final TIMI Coronary Grade Flow. There was non-significant correlation between sT2 and age.
One-year follow-up
Data on survival was available for all patients (5 out of 117 patients (4.3%) died).
Thirteen patients were lost to follow-up in terms of hospitalization for HF leaving 104 patients (89%) for the composite primary endpoint analyses at one-year. During one-year follow-up 9 patients (8.7%) reached the primary endpoint (three died due to CV causes and 6 were hospitalized for HF). Among CV causes of death, HF-related death occurred in two patients and AMI-related death in one patient (including one patient who died during index hospitalization after recruitment).
Patients who experienced the primary endpoint during follow-up had higher levels of baseline Gal-3 and sST2 (for sST2 non-significant). Baseline characteristics of patients who reached and who did not reach the primary endpoint at one year are presented in Table S1 (supplementary material online).
Comparison of baseline characteristics, laboratory findings, clinical presentations, inhospital and one-year outcomes in patients with high and low Gal-3 and sST2 levels
ROC analysis revealed the area under the curve (AUC) for Gal-3 and sST2 (for prediction of the primary endpoint) was 0.85 and 0.64, respectively ( Figure 1 ). Gal-3 concentration of ≥9.57 ng/mL had a sensitivity of 41%, a specificity of 91%, a negative predictive value of 92%, and a positive predictive value of 36% for prediction of the primary endpoint at follow-up (Youden's index). sST2 concentration of ≥45.99 ng/mL had a sensitivity of 44%, a specificity of 97%, a negative predictive value of 95%, and a positive predictive value of 57% for prediction of the primary endpoint at follow-up (Youden's index).
Baseline characteristics, laboratory findings, clinical presentations, in-hospital and
one-year outcomes of patients with high and low Gal-3 and sST2 levels depending on established cut-offs are presented in Tables 2 and 3 . Twenty-four patients (20.5%) had baseline Gal-3 levels equal to or above the upper limit of the established cut-off value of 9.57 ng/mL. Eight patients (6.8%) had baseline sST2 levels equal to or above the upper limit of the established cut-off value of 45.99 ng/mL. Higher concentrations of both biomarkers (above the cut-offs) were associated with a longer hospital stay (including a longer stay in intensive cardiac care unit) and more frequent occurrence of the primary endpoint. Patients with a Gal-3 level above the cut-off also experienced CV death more frequently.
Predictors of the primary endpoint
In the univariate Cox proportional hazards regression analysis, both baseline Gal-3 and sST2 (as continuous variables, as well as their newly-established cut-offs) were predictors of the primary endpoint (CV death or HF hospitalization), and of HF hospitalizations (Table 4 ).
Furthermore, in contrast to sST2, Gal-3 predicted CV death.
Gal-3 and sST2 remained significant predictors of the primary endpoint even after adjustment for age and NT-proBNP in multivariate analyses ( Figure 2 , Table 5 ).
Discussion
In our study, concentrations of both Gal-3 and sST2 were higher in those with worse clinical presentation at baseline. Both Gal-3 and sST2 were associated with unfavorable inhospital outcomes and were independent predictors of CV death or hospitalization for HF in one-year follow-up (when regarded as continuous variables). However, if the newlyestablished cut-offs of both biomarkers were included in one multivariate model (together with age), only Gal-3 remained an independent predictor of the primary endpoint. Moreover, Gal-3 also predicted CV death alone. Furthermore, there was no difference in sST2 concentration between those who did and did not reach the primary endpoint during followup. Therefore, Gal-3 might be preferable to ST2 in risk stratification after STEMI.
In our study there was a small number of events, but the results are in line with recent study assessing the same composite endpoint in patients with a first anterior STEMI treated with pPCI. In this study 20 out of 103 patients (19.4%) died or were admitted for HF within 6 months follow-up. Gal-3, measured within 48 h after STEMI, significantly predicted the composite endpoint after adjustment for age, gender, renal and ventricular function, troponin and NT-proBNP [20] .
Gal-3 plays an important role in various biological processes, but the most acknowledged role of Gal-3 is participation in fibrosis [10, 21, 22] . Gal-3 is produced by activated macrophages that stimulate inflammation and proliferation of myofibroblasts and collagen deposition [10] . In experimental data, Sanchez-Mas et al. observed that Gal-3 increases in myocardium after AMI with the maximum concentration achieved in the infarcted area during the first week, with a gradual decrease in the following weeks. It appears that the increase in concentration of Gal-3 in the early phase after myocardial infarction contributes to the activation of repair functions in the damaged zone in order to maintain the geometry and function of the heart [23] . However, in longer perspective, chronic activation leads to tissue fibrosis and accelerates adverse LVR [23] .
The ST2 molecule is a soluble glycoprotein belonging to the interleukin-1 receptor family, and is secreted by inflammatory cells, cardiomyocytes and endothelium [11] . ST2 has two clinically relevant isoforms -transmembrane (ST2L, ST2 ligand) and soluble (sST2, soluble ST2) circulating in the bloodstream [11, 24] . The balance between these two forms of ST2 guarantees an appropriate biological effect. Elevated sST2 triggers myocardial fibrosis [11, 24] . In an experimental study, sST2 concentrations increased steadily after AMI with maximum expression at first day [11] .
It is also known that Gal-3 and IL-33 / ST2 pathways are involved in the pathogenesis of atherosclerosis, in which the inflammatory substrate is one of the main causes of instability of atherosclerotic plaques [24, 25] . Tsai et al. showed that Gal-3 levels were significantly higher in AMI patients than in healthy controls [26] . In our study, we observed lower median Gal-3 concentrations (7.1 ng/mL) in patients following first-time AMI than was reported previously by Szadkowska et al. and van der Velde et al. (13.0 and 13.4 ng/mL, respectively) [27, 28] . However, these differences can be explained by more restrictive exclusion criteria related to potential fibrosis processes (i.e. exclusion of patients with neoplasms, advanced chronic kidney disease, previous HF) in our study. We also only enrolled patients with STEMI, excluding patients with non-STEMI. In addition, it has also previously been shown that elevated Gal-3 and sST2 concentrations were observed in patients with hypertension, diabetes, prior AMI, and prior HF, factors which may bias the biomarkers' measurements between studies [19, 29] .
The first studies on Gal-3 and sST2 were in the field of HF and showed that higher levels of circulating Gal-3 and sST2 were associated with worse prognosis in those patients [15, 29, 30] . The American Heart Association recommendations have even considered Gal-3 and sST2 to be valuable prognostic markers in acute and chronic HF (class IIb recommendations, level of evidence B) [16] . The FDA approved threshold values of 17.8 ng/mL for Gal-3 and 35.0 ng/mL for sST2 for additional risk stratification in patients with chronic and acute HF [28] . However, there is still a need to assess the clinical utility and specific cut-offs of both biomarkers to help clinicians conduct better risk stratification in patients with AMI but without previous HF. Only few studies have described the impact of Gal-3 and sST2 on outcomes after AMI.
Sub-analysis of the PROVE IT-TIMI 22 (Pravastatin or Atorvastatin Evaluation and
Infection Therapy-Thrombolysis In Myocardial Infarction 22) trial showed that Gal-3 concentrations above median value of 16.7 μg/L, measured within 7 days after acute coronary syndrome (100 patients after AMI or unstable angina), were associated with a significantly higher risk of HF development in a two-year observation [19] . In our study, the cut-off Gal-3 level for the primary endpoint occurrence was equal to or above 9.57 ng/mL. This Gal-3 threshold was associated with a worse clinical condition during index hospitalization, as well as a higher rate of unfavorable outcomes during index hospitalization and follow-up.
Similarly, the study performed by Tsai et al. (196 patients with first-time STEMI) revealed that a Gal-3 level equal to or above 7.67 ng/mL was the most powerful predictor of death and development of HF in a 30-day post-infarction period [26] . Moreover, this association was observed regardless of the severity of coronary artery lesions, LVEF and serum creatinine [26] . Of note, in our study patients with higher Gal-3 concentrations had higher risk in GRACE and TIMI scores, which identify high-risk patients after MI.
In our study median sST2 concentration in the study group was 23. Another analysis based on BIOSTRAT study assessed the association of Gal-3 and sST2 and changes in their concentrations after one year with the development of HF which showed that baseline Gal-3 and sST2 concentrations have higher clinical value than measurements obtained after one year [32] .
In the CORONA study, Gal-3 was not correlated with worse prognosis after adjusting for NT-proBNP in older patients with ischemic chronic HF, hence Gal-3 may have limited the application of risk stratification in older patients [33] . However, our study showed that this does not apply to patients after STEMI. Gal-3 (but not sST2) correlated with age but both Gal-3 and sST2 were independent predictors of the primary endpoint even after adjusting for age.
In our study, there was no association between sST2 and Gal-3 concentrations and maximum troponin I. An explanation for this is that these biomarkers are involved in distinct pathophysiological pathways than that which are already known. AMI provokes an inflammatory response with the migration of a multitude of cells and regulators into the infarcted and non-infarcted areas. This process initiates reparative changes in the early phase after AMI [2] . This could be the reason of higher values of hs-CRP in both groups of sST-2 and Gal-3 upper cut-offs values. However, chronic activation of these processes leads to tissue fibrosis, adverse LVR and development of HF. Szadkowska et al. found that elevated Gal-3 (>16 ng/mL) concentrations during hospitalization in patients after AMI were associated with a higher risk of developing HF and atrial fibrillation [27] . In our study, patients with higher levels of Gal-3 and sST2 were more likely to have a higher Killip class on admission, and more frequently required diuretics intravenously during hospitalization and orally at discharge. Consequently, elevated Gal-3 and sST2 concentrations were associated with increased risk of combined endpoint -CV death and HF hospitalization, as well as the risk of HF hospitalization itself.
Therefore, it may be concluded that increased levels of Gal-3 and sST2 after AMI reflect myocardial damage and may help in the early identification of patients at higher risk of HF development. It may have important implications for post-discharge follow-up and stresses the need for therapies which impact adverse cardiac remodeling, such as angiotensinconverting enzyme inhibitors, aldosterone receptor blockers or mineralocorticoid receptor antagonists. There are several studies showing the potential advantageous influence of reninangiotensin-aldosterone antagonists, as well as genetic therapies on the reduction of biomarker levels [34] [35] [36] [37] [38] . Other mediators of inflammatory processes (i.e. leukotrienes) have recently been intensively studied for their role in coronary artery disease. Further studies will show if novel anti-inflammatory strategies added to conventional therapy will reduce cardiovascular risk [39] .
Limitations
The main limitations of our study relate to the small sample size and relatively short follow-up which translated into a small number of events. Additionally, 13 patients (11.1% of the 117 patients) were lost to follow-up in terms of hospitalization for HF. Therefore, in order to maintain an adequate events per predictor variable (EPV) value, we were not able to include more potentially significant variables in the Cox proportional hazards regression model [28] . Moreover, a certain proportion of data (including NT-proBNP concentrations) for some of the patients was missing (as indicated in tables). Still, given the correlation of both Gal-3 and sST2 with NT-proBNP, as well as the fact that NT-proBNP concentration predicted the primary endpoint, we decided it was important to include NT-proBNP in our multivariate models. However, we also performed a separate multivariate analysis including age and both of the studied biomarkers (Gal-3 and sST2), but not NT-proBNP. Gal-3 and sST2 remained significant predictors of the primary endpoint in all those models.
Further studies with longer follow-up are still needed to determine the predictive value and clinical utility of serum levels of sST2 and Gal-3 in AMI patients.
Conclusion
In patients with first-time STEMI treated with primary PCI, Gal-3 and sST2 predicted CV death or hospitalization for HF at one year. Concentrations of both biomarkers above the established cut-offs (≥9.57 ng/mL for Gal-3 and ≥45.99 ng/mL for ST-2) were associated with worse clinical presentation at baseline, as well as adverse in-hospital and one-year outcomes. Assessment of these two biomarkers of inflammation and fibrosis may play an important role in CV risk stratification after AMI, however, Gal-3 may be considered more preferable option.
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